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Abstract

Rationale: Women have worse outcomes than men in several
conditions more common in men, including cardiac surgery and
burns.

Objectives: To describe the relationship between sex balance
within each diagnostic group of ICU admissions, defined as the
percentage of patients who were women, and hospital mortality
of women compared with men with that same diagnosis.

Methods: We studied ICU patients in the Australian and New
Zealand Intensive Care Society’s Adult Patient Database
(2011-2020). We performed mixed effects logistic regression for
hospital mortality adjusted for sex, illness severity, ICU lead time,
admission year, and hospital site. We compared sex balance with
the adjusted hospital mortality of women compared with men for
each diagnosis using weighted linear regression.

Women are more likely than men to die after
some critical illnesses, including cardiac
arrest, cardiac surgery, and burns (1-5).
However, this is not a consistent pattern
across all critical illnesses. Considering the
ICU population overall, women and men
appear to have equivalent adjusted hospital

or 30-day mortality (6-10). Moreover,
women have lower mortality than men in
some critical illnesses, including exacerbation
of chronic obstructive pulmonary disease,
coronavirus disease (COVID-19)
pneumonia, and spinal surgery (11-15). This
variation in the relative outcomes of women

Measurements and Main Results: There were 1,450,782
admissions (42.1% women), with no difference in the adjusted
hospital mortality of women compared with men overall (odds
ratio, 0.99; 99% confidence interval [CI], 0.97 to 1). As the
percentage of women within each diagnosis increased, the
adjusted mortality of women compared with men with that same
diagnosis decreased (regression coefficient, —0.015; 99% CI;
—0.020 to —0.011; P < 0.001), and the illness severity of women
compared with men at ICU admission decreased (regression
coefficient, —0.0026; 99% CI, —0.0035 to —0.0018; P < 0.001).

Conclusions: Sex balance in diagnostic groups was inversely
associated with both the adjusted mortality and illness severity of
women compared with men. In diagnoses with relatively few
women, women were more likely than men to die. In diagnoses
with fewer men, men were more likely than women to die.
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and men after different critical illnesses
remains unexplained.

Some critical illnesses with higher
mortality in women than in men also occur
less commonly in women than in men. For
example, only 25% of cardiac surgery
patients and 20% of patients with burns are
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At a Glance Commentary

Scientific Knowledge on the
Subject: More men than women are
admitted to ICUs worldwide. The
sex balance, or percentage of ICU
patients who are women, varies
widely between admission diagnoses.

What This Study Adds to the
Field: Patients admitted to ICUs with
a diagnosis relatively uncommon for
their sex have higher illness severity
and are more likely to die than
patients of the opposite sex. In
diagnoses with fewer women, the
women are relatively more likely than
men to die, and in diagnoses with
fewer men, the men are relatively
more likely than women to die.

women (3-5). This raises the possibility of a
relationship between sex balance within a
diagnostic group and the mortality of women
compared with men with that diagnosis.

As previously presented in the form of
an abstract (16), we hypothesized that among
ICU patients, women have relatively better
outcomes than men in diagnoses with a
higher percentage of patients who are
women, and men have relatively better
outcomes in diagnoses with a higher
percentage of patients who are men. Our
primary objective was to describe the
relationship between the sex balance within
each diagnostic group of ICU admissions,
defined as the percentage of patients who
were women, and the adjusted hospital
mortality of women compared with men
with that same diagnosis. Our secondary
objective was to describe the relationship
between sex balance and the relative illness
severity of women compared with men at
ICU admission, by diagnostic group.

Methods

Ethics Approval

Ethics approval for this study was granted by
the Alfred Health Human Research Ethics
Committee (project number 200/21).

Study Design

We conducted a retrospective cross-sectional
study of adult patients admitted to ICUs in
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Australia and New Zealand, as recorded in
the Australian and New Zealand Intensive
Care Society Adult Patient Database
(ANZICS APD), one of five clinical quality
registry datasets run by the ANZICS Centre
for Outcome and Resources Evaluation. The
APD records admissions from 90% of ICUs
in Australia and New Zealand, including all
tertiary hospital ICUs and most
metropolitan, regional, and private ICUs
(17). Each hospital has one ICU that admits
both medical and surgical patients under the
care of intensive care specialists; hospitals
that perform cardiac surgery admit
postoperative cardiac surgery patients to the
hospital’s general ICU (17, 18). The APD
uses a standardized secure digital data
collection tool with automated data
validation rules at all sites and a standardized
data dictionary. Regular training and
accuracy checks are provided for data
collectors (17). We undertook this study in
keeping with the STROBE (Strengthening
the Reporting of Observational Studies in
Epidemiology) guidelines for cohort
observational studies (19).

Study Population

We included patients aged 17 years and older
admitted to an ICU and reported to the APD
between 2011 and 2020. We excluded repeat
ICU admissions from within the same
hospital visit, including those transferred to
another ICU, and those with missing
diagnosis, outcome, or sex classification. We
also excluded patients classified as “intersex/
indeterminate” because this nonbinary sex
classification was added to the APD in 2017
and accounts for less than 0.1% of ICU
admissions each year (20, 21). Given our
focus on the sex balance within diagnostic
groups, we excluded sex-specific diagnoses,
defined as diagnoses with less than 1% or
greater than 99% women.

Exposure and Outcomes
The exposure of interest in this study was
sex, defined in the APD data dictionary as
the biological distinction between female and
male (20). Sex data were obtained from
hospital admission details and therefore may
be self-reported, reported by family
members, or determined by hospital staff.
There is no gender classification in the APD.
The primary objective of this study was
to describe the association between sex
balance, defined as the percentage of patients
in a diagnostic group who were women, and
sex differences in outcome, defined as the

adjusted hospital mortality of women
compared with men, by ICU admission
diagnosis. The ICU admission diagnoses are
based on the Acute Physiology and Chronic
Health Evaluation III (APACHE III)
diagnostic definitions; they are mutually
exclusive and reflect the clinical diagnosis
during the patient’s first 24 hours of ICU
admission (nonoperative diagnoses) or the
operation performed immediately before
ICU admission (postoperative admissions;
see Tables E1 and E2 in the online
supplement) (20). We assessed illness
severity using the APACHE III score, which
does not adjust for patient sex.

Statistical Analysis

We reported counts with percentages and
means with standard deviations for normally
distributed data and medians with
interquartile ranges for nonnormally
distributed data. We used the chi-square test,
Wilcoxon rank-sum test, or ¢ test for
comparisons as appropriate. To increase the
robustness of our findings, we reported 99%
confidence intervals (ClIs) and took P < 0.01
to indicate statistical significance. We
performed complete case analysis, making no
assumptions about missing data. We used
STATA 17 for statistical analysis (StataCorp).

We performed mixed-effects logistic
regression analysis for hospital mortality,
adjusting for sex, APACHE III score,
diagnosis, hours of hospitalization before ICU
admission (henceforth ICU lead time), year of
admission, and hospital site, with site treated
as a random effect. We repeated this mixed-
effects logistic regression for each of the 111
diagnoses (diagnosis removed from model),
reporting the odds ratios (ORs) with 99% Cls
for adjusted hospital mortality of women
compared with men for each diagnosis.
Therefore, ORs <1 indicate women were less
likely than men to die and vice versa. To test
the association between sex differences in
mortality and sex balance, we performed a
frequency-weighted linear regression of the
adjusted hospital mortality of women
compared with men for each diagnosis (OR)
against the sex balance (percentage of female
patients) within that diagnostic group.
Regression results are reported as parametric
estimates (99% CI) with a corresponding r2
statistic and a P value to reflect if the slope
differs significantly from 0.

We compared the illness severity of
women and men using the ratio of female to
male mean APACHE III scores. To test the
association between sex balance and sex
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differences in illness severity, we performed
weighted linear regression of female to male
mean APACHE III scores against sex balance
for each diagnosis.

To test the robustness of our findings,
we repeated the analysis with the study
population divided into groups of hospitals
instead of diagnostic groups. Hospitals were
ranked into 48 quantiles according to sex
balance in admissions. We calculated
hospital mortality for each hospital group
adjusted for sex, diagnosis, illness severity,
ICU lead time, and admission year but not
hospital site. We then performed weighted
linear regression of adjusted hospital
mortality against sex balance for each
hospital group. Further sensitivity analyses
are described in the online supplement E1.

Results

Study Population and Sex Differences
in Mortality

There were 1,614,045 admissions entered
into the ANZICS Centre for Outcome and
Resources Evaluation APD between 2011
and 2020, of which 1,450,782 were eligible
for this study (Figure E1). Complete illness
severity data were available for 1,447,135
patients, who were included in the regression
models (99.7% of study population; complete
patient numbers for all datapoints are
available in Table E3).

Overall, 42.1% of the study population
were women. On average, women were
younger than men and had lower illness
severity scores than men (Table 1). Women
had lower unadjusted hospital mortality than
men (8.1% vs. 8.6%; P < 0.001). After
adjustment for APACHE III score, diagnosis,
ICU lead time, year of admission, and
hospital site, however, there was no

difference in hospital mortality between
women and men overall (OR, 0.99; 99% CI,
0.97 to 1.00; P=0.05) (Table 2).

There were significant sex differences in
adjusted hospital mortality within five of the
nine major diagnostic categories of ICU
admissions. Women had lower adjusted
hospital mortality than men in three
categories: respiratory; sepsis; and the
combined metabolic, hematological, and
renal disorders category (Table 2). Women
had higher adjusted mortality than men in
the cardiac surgery category and other
cardiovascular diagnoses category. The most
marked sex difference in mortality was
observed in the cardiac surgery category, with
women significantly more likely than men to
die. There was no sex difference in mortality
in four categories: neurological; trauma;
musculoskeletal, soft tissues, and skin
diagnoses; and gastrointestinal diagnoses.

Relationship between Sex Balance
and Sex Differences in Mortality

The percentage of patients who were women
within each diagnostic group was inversely
associated with the adjusted hospital
mortality of women relative to men
(weighted linear regression coefficient,
—0.015;99% CI, —0.020 to —0.011;

P <0.001; 7 =38%) (Figure 1). In diagnostic
groups in which a lower percentage of the
patients were women, the women were
relatively more likely to die than the men.
Conversely, in diagnostic groups with a
higher percentage of female patients, the
women were relatively less likely to die than
the men. Diagnostic groups containing less
than the average percentage female patients
(less than 42.1% women) tended to have
higher adjusted hospital mortality for women
than for men (OR, >1) and vice versa.

Table 1. Characteristics of Women and Men Admitted to ICU

Relationship between Sex Balance
and Sex Difference in lliness Severity
There was an inverse association between
the relative illness severity of women
compared with men with a diagnosis and
the sex balance in that diagnostic group
(weighted linear regression coefficient,
—0.0026; 99% CI, —0.0035 to —0.0018;
P<0.001; *=38%) (Figure 2). In
diagnostic groups in which a lower
percentage of the patients were women, the
women had higher illness severity than men
at ICU admission and vice versa. A
sensitivity analysis examining each
component of APACHE III score separately
found that the association between illness
severity and sex balance was driven by the
physiological and age components rather
than chronic health conditions (Figure E2).

Sensitivity Analyses

The inverse relationship between mortality
and sex balance persisted when the study
population was divided by hospitals rather
than admission diagnosis (Figure 3).
However, there was no significant
association between mortality and sex
balance when the study population was
divided according to age (Figure E3). A
sensitivity analysis that excluded all patients
with limitations of medical therapy in place
at the time of ICU admission confirmed a
significant relationship between sex
differences in mortality and sex balance
within diagnostic groups (Figure E4).
Finally, there was a small but significant
association between sex difference in ICU
lead time and sex balance within diagnostic
groups: Patients presenting with illnesses
less common for their sex spent relatively
longer in the hospital before ICU admission
(Figure E5).

All Patients Women (n=610,215) Men (n=840,567) P Value for Sex

Characteristics (N=1,450,782)* (42.1%) (57.9%) Difference
Age, yr, mean (SD) 62.3 (17.5) 61.8 (18.3) 62.7 (16.9) <0.001
APACHE Il score, mean (SD) 52.1 (24.9) 51.3 (24.8) 52.7 (24.9) <0.001
Pre-ICU time, h, median [IQR] 9.7 [4.5-28.2] 9.25 [4.5-27.1] 10 [4.6-28.9] <0.001
Length of stay, d, median [IQR] 1.8 [0.9-25.5] 1.7 [0.9-3.1] 1.8 [0.9-3.3] <0.001
Admission type

Elective, n (%) 610,729 (42.4) 242,910 (40.1) 367,819 (44.1) <0.001

Nonelective, n (%) 829,334 (57.6) 362,852 (59.9) 466,482 (55.9) <0.001
LOMT, n (%) 88,824 (6.3) 41,760 (7.0) 47,064 (5.8) <0.001

Definition of abbreviations: APACHE = Acute Physiology and Chronic Health Evaluation; ICU =intensive care unit; IQR =interquartile range;
LOMT = limitation of medical treatment at the time of admission to ICU.
*Complete data available for >99% of patients; patient numbers for each variable are provided in Table E3.
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Figure 1. Adjusted hospital mortality of women compared with men versus the percentage of patients who were women, by diagnostic group.
The weighted regression (fitted values) shows that the adjusted mortality of women compared with men was inversely associated with the
percentage of women in the diagnostic groups. As the percentage of female patients within a diagnostic group increased by 10% (e.g., from
30% to 40%), the odds ratio (OR) for hospital mortality of women compared with men decreased by 0.15, from approximately 1.2 to 1.05
(regression coefficient, —0.015; 99% confidence interval, —0.020 to —0.011; P<0.001).

younger and had lower illness severity
scores than the men (2, 10, 11, 22-24). This
suggests an important difference between
the Australian and New Zealand ICU
population and those of previous studies of

sex differences in ICU patients from Europe,
North America, and Taiwan.

Concordant with previous studies, we

found that women had higher mortality
than men after cardiac surgery (3, 11)

[ ]

1.2
=3
L
I
O c
< o
a e
<5
c=
o A

g1l 1
Q |
© V
=23
X
o Q
T °
€ c
)
L=

0.8 -

and that the cardiac surgery cohort
had the most pronounced sex
difference in mortality of all the
major diagnostic categories of ICU
admission.

» Diagnostic group
— Fitted values

——— Mean % women

P<0.001; r?=38%

T
20

T T T
30 40 50

% Women in diagnostic group

T T
60 70

Figure 2. lliness severity of women compared with men versus the percentage of patients who were women, by diagnostic group. The

weighted regression (fitted values) shows that the iliness severity of women compared with men was inversely associated with the percentage of

patients who were women in the diagnostic group. An increased percentage of patients who were women within the diagnostic group was
associated with lower iliness severity of women compared with men at ICU admission (linear regression coefficient, —0.0026; 99% confidence
interval, —0.0035 to —0.0018; P< 0.001; r®=38%). APACHE Il = Acute Physiology and Chronic Health Evaluation IlI.
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Figure 3. Adjusted hospital mortality of women compared with men versus sex balance, by hospital group. Hospitals were grouped into 48
quantiles based on the percentage of female patients admitted during the study period. Hospital mortality was adjusted for Acute Physiology
and Chronic Health Evaluation Il score, diagnosis, ICU lead time, and admission year, in addition to sex. As the percentage of female patients
increased, the odds ratio (OR) for adjusted hospital mortality of women compared with men decreased (linear regression coefficient, —0.0086;
99% confidence interval, —0.0137 to —0.0035; P<0.001; r?=31%).

Implications of Study Findings

Our key finding that sex balance is associated
with the relative outcomes and illness severity
of women and men within diagnostic groups
has important implications. First, it suggests a
type of sex-based volume-outcome relation-
ship. Such volume-outcome relationships

are well recognized in critical care (25, 26).

A sex-based volume-outcome effect
could be mediated by clinician cognitive bias.
Patients may receive more prompt diagnosis
and treatment if they present with an illness
expected for their sex, a form of
ascertainment bias (27). This is supported by
our finding that patients were admitted to
ICUs after a shorter time in the hospital and
at a lower illness severity if their illness was
common in their sex. Availability bias, where
the clinician’s familiarity or recent experience
of treating similar patients affects their
diagnosis and treatment, may also contribute
to the observed association between sex
balance and outcomes (28). Greenwood and
colleagues found that female patients with
acute myocardial infarction had lower
mortality if their male physician had recently
treated female patients with acute myocardial
infarction, supporting the theory that a
clinician’s familiarity with treating male or
female patients in a given clinical situation
affects the treatment they provide (29). There
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is also evidence that the sex balance of the
treating team affects sex-based outcomes.
This includes both the sex concordance of the
physician—patient pair and the sex balance
within a clinical team (29, 30). Therefore,
future studies should examine the impact of
the sex balance among ICU clinicians on the
observed sex differences in patient outcomes.

Second, our findings suggest that the
exposure of being male or female across the
lifespan may affect both the incidence and
outcomes of various critical illnesses. Biological
differences in sex hormones and cytokine
response, combined with different patterns of
risk-taking behavior between women and
men, could contribute to the observed sex
differences (31, 32). However, the association
between sex balance and mortality persisted
across groups of hospitals after adjusting for
admission diagnosis, suggesting that the
relationship is driven by system-level rather
than simply disease-level factors. Moreover,
there was no significant relationship between
sex balance and chronic diseases in women
and men, which somewhat speaks against the
impact of long-term risk-taking behaviors such
as smoking or alcohol consumption.

From a clinical perspective, our findings
suggest that clinicians should pay heed to
patients presenting with illnesses uncommon
in their sex. This could be incorporated

into clinical warning systems for diseases
with a marked female preponderance

(e.g., metabolic disorders) or marked male
preponderance (e.g., cardiac surgery). From a
research perspective, our findings underscore
the importance of obtaining sex-
disaggregated data in critical care clinical
trials and examining sex as a variable in
observational research.

Strengths and Limitations
Our study has several strengths. To the best
of our knowledge, this is the first to
investigate the relationship between sex
balance and sex differences in outcomes.
We further interrogated the significance of
sex balance by examining its relationship
with illness severity and performing
sensitivity analyses using hospital groups and
age cohorts instead of diagnostic cohorts.
We used data obtained from a well-
established clinical registry with high-quality
governance, capturing the vast majority of
ICU admissions across Australia and New
Zealand (16). Where previous studies
focused on sex differences in either the ICU
population overall or selected critical illnesses
(2,7, 11), our very large study
comprehensively described sex differences in
illness severity and outcomes across
diagnoses leading to ICU admission.
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The relatively low mortality rate in our
study population suggests that our findings
are not due to poor clinical performance
overall. Furthermore, the equivalent adjusted
outcomes of women and men overall speaks
against overt sex discrimination affecting our
results.

We acknowledge several limitations.
We assessed only patients admitted to the
ICU rather than all potential ICU patients
admitted to a hospital. Because we did not
compare the sex balance and outcomes of the
ICU and hospital populations, we cannot
comment on equity of access to the ICU. In
comparing the mortality of women and men
after ICU admission, we are comparing the
outcomes of a complex process including
treatment received before ICU admission.

It is possible that both the presumptive
diagnosis and the decision for ICU
admission were impacted by bias, in turn

affecting the observed relationship between
sex, diagnosis, and mortality.

Because of the very limited data
available on transgender or nonbinary ICU
patients, we adopted a binary definition of
sex. Therefore, we cannot comment on the
outcomes of nonbinary ICU patients
compared with women or men. Finally,
although our study describes a potentially
important relationship between sex balance
and sex differences in outcomes, we cannot
confirm the mechanism underlying this
relationship.

Conclusions

For ICU patients, the hospital mortality of
women compared with men is inversely
related to the percentage of women
admitted within the same diagnostic
category: Women are more likely to die in
diagnostic groups with relatively few

women, and men are more likely to die in
diagnostic groups with fewer men.

A similar relationship exists between sex
balance and the relative illness severity of
women and men: In diagnostic categories
with more women, women are admitted at
relatively lower illness severity than men.
Awareness of this minority effect may
allow clinicians to modify their
management of patients presenting with
illnesses uncommon in their sex.
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